Purpose: The purpose of this study was to perform a weight-adjusted indirect comparison to approximate the relative efficacy of everolimus versus axitinib among patients with second-line metastatic renal cell carcinoma in whom sunitinib therapy previously failed.
INTRODUCTION
Metastatic renal cell carcinoma (mRCC) is one of the leading causes of cancer deaths in the United States 1 ; however, in recent years, several therapy options have become available to treat advanced RCC or mRCC. First-line treatments with National Comprehensive Cancer Network category 1 recommendations include sunitinib, temsirolimus, bevacizumab plus interferon alfa, pazopanib, high-dose interleukin 2, and sorafenib, 2 although recent real-world evidence suggests that sunitinib currently represents the dominant first-line treatment. 3 Despite the observed progression-free survival (PFS) benefit from first-line sunitinib therapy, most patients require a second-line treatment within 1 year. 4 After failure of first-line sunitinib therapy, according to National Comprehensive Cancer Network guidelines, everolimus and axitinib are the only agents that currently have category 1 evidence for second-line treatment of mRCC. 2 Everolimus, a mammalian target of rapamycin pathway inhibitor, was approved by the US Food and Drug Administration in 2009 as a second-line treatment for advanced RCC after failure of the vascular endothelial growth factor tyrosine kinase inhibitor sunitinib and sorafenib. 5 In the pivotal Phase III RECORD-1 (Renal Cell Cancer Treatment With Oral RAD001 Given Daily) clinical trial, patients with mRCC in whom first-line sunitinib and/or sorafenib therapies previously failed were assigned to treatment with either everolimus or placebo plus best supportive care. The PFS and safety profiles were assessed for each treatment group until progression, death, or discontinuation, whichever came first. The study resulted in a significant PFS improvement of 67% (hazard ratio [HR] ¼ 0.33; 95% CI, 0.25-0.43, P o 0.001) for patients treated with everolimus versus placebo. 6 A similar trend was observed in those with sunitinib as their only prior targeted therapy, with a median PFS of 4.6 versus 1.8 months (HR ¼ 0.22; 95% CI, 0.09-0.55) for patients treated with everolimus and best supportive care, respectively.
7
Axitinib is a vascular epidermal growth factor receptor 1 to 3, c-KIT, and platelet-derived growth factor receptor inhibitor approved in 2012 to treat advanced RCC after failure of prior systemic therapy. 8 The AXIS (axitinib vs sorafenib) Phase III clinical trial examined the PFS and safety profiles among patients who had progressed with a first-line regimen of sunitinib, bevacizumab plus interferon alfa, temsirolimus, or cytokine therapy. Patients were randomized to receive either axitinib or sorafenib treatment. Overall, patients had significant improvement with axitinib compared with sorafenib, with a median PFS of 6.7 months for patients receiving axitinib versus 4.7 months for patients receiving sorafenib (HR ¼ 0.665; 95% CI, 0.544-0.812, P o 0.0001). 9 Similarly, a statistically significant PFS benefit was also found in favor of axitinib over sorafenib in the subgroup of patients previously treated with only sunitinib, with a median PFS of 4.8 months for axitinib and 3.4 months for sorafenib (HR ¼ 0.741; 95% CI, 0.573-0.958, P ¼ 0.0107). 9 Overall, both everolimus and axitinib therapies appear to provide PFS benefit for patients with advanced RCC who previously progressed with sunitinib treatment; however, because the overall study populations for the RECORD-1 and AXIS trials are not directly comparable due to population heterogeneity, a naive comparison of the trial results cannot be used to draw conclusions regarding relative efficacy in this context. This study aims to address this gap by performing a weight-adjusted indirect comparison to balance clinical and demographic characteristics between the 2 pivotal Phase III trial populations. Similar weighting methods have previously been used to balance patient characteristics among different studies when patient-level data are available for one treatment and only summary-level data for the comparator treatment. 10, 11 Although performing a randomized clinical trial is preferable, such studies can provide valuable insight until direct evidence becomes available.
METHODS
Data from the RECORD-1 6 and the AXIS 12 Phase III clinical trials were used to perform a weight-adjusted indirect comparison to align population characteristics and compare PFS for everolimus versus axitinib. Both clinical trials were multicenter, double-blind randomized clinical trials that evaluated PFS as their primary end point. Individual patient data were available from the RECORD-1 trial for everolimus patient follow-up, whereas only summary data were available for analytical purposes in this analysis for axitinib-treated patients. PFS estimates for the prior-sunitinib subgroup of the AXIS clinical trial (N ¼ 194) were obtained from the AXIS publication, 9 whereas aggregated patient characteristics for those receiving axitinib were retrieved from data reported in a summary of the Evidence Review Group report on the manufacturer's National Institute for Health Care Excellence submission. 12 Survival data were extracted by digitizing the available Kaplan-Meier curve using the open source Engauge Digitizer software, version 4.1 (Engauge, Atlanta, Georgia). The overall everolimus population in the RECORD-1 trial (N ¼ 277) consisted of patients with potentially multiple prior lines of therapy. A subset (n ¼ 43) of patients with second-line mRCC receiving everolimus who were sunitinib refractory was identified in RECORD-1 to correspond with patients with second-line sunitinib-refractory mRCC receiving axitinib from the AXIS trial (n ¼ 194).
After limiting the RECORD-1 population to patients with second-line sunitinib-refractory mRCC, heterogeneity in the patient characteristics between the axitinib-and everolimus-treated patient groups persisted ( Table I) . Further adjustments were necessary to improve the comparability between the 2 studies; however, because patient characteristics and outcomes for patients receiving axitinib were reported only as summary measures, any attempt to align population characteristics between the everolimus and axitinib treatment arms was limited to adjustments to the RECORD-1 data.
In the data exploration, a bimodal distribution of survival times was observed, mixing predominantly 2 groups of responders (ie, slow vs fast progressors). As a consequence, a mixture of the 2 Weibull distributions describing the mix of these 2 subpopulations was evaluated. This approach allowed for the estimation of a latent classifying parameter for each patient together with their probability to be fast or slow progressor.
To account for the bimodal nature of the survival distribution using patient data for the true secondline sunitinib-refractory RECORD-1 population (N ¼ 43), a latent class mixture model was used with imbedded logit regression to reflect the mixture of responders and nonresponders. Latent class mixture models are useful for modeling heterogeneous longitudinal data by assigning patients into subgroupings. 13 Conditionally to responder status, PFS was modeled as a Weibull regression with prognostic variables included as factors in a linear regression of the logarithm of the parameter scale defining the Weibull function. The following candidate covariates were considered: age, sex, Eastern Cooperative Oncology Group (ECOG) performance status, Memorial SloanKettering Cancer Center (MSKCC) risk score, prior nephrectomy, prior radiation therapy, and time receiving prior sunitinib. The covariates included in the logistic regression to define responder status were those from the list above that had statistical significance (P o 0.05) in the Weibull model without considering the latent class variable, namely, sex and prior nephrectomy.
The mixture latent class model was then fitted in a Bayesian set-up with noninformative uniform priors. On the basis of a posterior distribution on parameters 495%, MSKCC risk score, sex, time receiving prior sunitinib, and prior nephrectomy were identified as influential variables for PFS outcomes. These variables were evaluated for independence using χ 2 tests of independence comparing all factors with each other. Through these exercises, MSKCC risk score, sex, and time receiving prior sunitinib were identified as key characteristics to weigh to balance the RECORD-1 patient data to match the summary characteristics reported in the AXIS publications. Prior nephrectomy was not considered as a weighting characteristic because of observed colinearity with the time receiving prior sunitinib variable. Weights were calculated for each patient by dividing the proportion (P i ) of patients observed in AXIS for a given key characteristic by the proportion observed in RECORD-1 and multiplying these quotients for all 3 weighting variables considered, according to the following equation:
where A indicates sex; B, MSKCC risk; and C, time receiving prior sunitinib. The weight option in the standard phreg procedure using SAS statistical software, version 9.3 (SAS Institute Inc, Cary, North Carolina), was used to account for weighting and derive a new survival distribution for the adjusted everolimus population. This new weighted survival curve was then used to determine median PFS measures for patients with second-line disease receiving sunitinib and everolimus. This estimate was compared with the median PFS observed for patients receiving axitinib in the AXIS trial. The 95% CIs were determined through bootstrapping techniques using Matlab, release 14 (Mathworks, Natwick, Massachusetts 
RESULTS
The distribution of derived study weights were right skewed with a mean (SD) of 1.0 (0.74) and a median (interquartile range) of 0.76 (0.5-1.1) (Figure 1) . After applying weights, the distributions of the 3 key baseline characteristics were more closely aligned between the 2 studies; however, some differences remained ( Table I ). The RECORD-1 mean age remained slightly lower for the everolimus population compared with the axitinib population. Both the everolimus and axitinib populations had 23% of patients with a history of radiation therapy. A slightly lower rate of poor-risk patients based on MSKCC criteria was present in RECORD-1 (30%) versus AXIS (36%), and a 9% lower proportion of males was observed in the postweighting everolimus group compared with the axitinib population. Distributions of time receiving prior sunitinib therapy were almost equivalent between the everolimus and axitinib treatment arms. A median PFS of 4.7 months (95% CI, 3.5-10.6 months) was estimated for the weighted everolimus patient group compared with 4.8 months (95% CI, 4.5-6.4) reported in the AXIS trial ( Figure 2) . Results of the indirect analysis suggest overlapping PFS CIs between everolimus and axitinib.
DISCUSSION
After identifying key drivers of PFS and adjusting for differences between the AXIS and RECORD-1 clinical trials, the results of the weighted-adjusted indirect comparison suggest similar PFS between Clinical Therapeutics everolimus and axitinib among second-line patients with RCC treated previously with sunitinib. This analysis provides a more robust estimation of the relative efficacy between everolimus and axitinib compared with a naive comparison that ignores differences in trial inclusion criteria and distributions of prognostic variables. These findings are consistent with those reported in a recently published study. 14 The indirect comparison analysis has several limitations. Randomized clinical trials remain the gold standard for clinical research, and as such, these results are only intended to approximate a clinical trial evaluating these 2 agents and should only be interpreted as those from an observational study. As with any observational study, bias may result from observed and unobserved confounding. The MSKCC risk score was defined differently in the RECORD-1 and AXIS trials. Although both trials used high corrected calcium levels and low hemoglobin levels as risk factors contributing to the overall risk score, the RECORD-1 study used a Karnofsky Performance Status (KPS) of o80 as an additional risk factor, whereas the AXIS trial considered ECOG performance status (PS) 40 (Table II) . Levels of KPS do not directly correspond with levels of ECOG PS, and as such, it is not possible to convert between KPS to ECOG PS and maintain the same information (ie, an ECOG PS of 0 requires no symptoms and no restrictions, whereas a KPS of 80 requires symptoms and effort) ( Figure 3) . This difference in how MSKCC risk factors were determined likely led to inflated MSKCC risk levels in the AXIS study population, which may lead to an overestimation of PFS relative to everolimus. Furthermore, the limited number of second-line sunitinib-refractory patients in RECORD-1 (N ¼ 43) likely limited the precision of the derived PFS estimate for the matched everolimus treatment group, leading to a wide a CI of the estimate. The small sample size in the everolimus analysis population may also have adversely affected the ability to obtain exact distributional matches after weighting.
This analysis used a naive estimator to evaluate the probability of a patient being in a group given certain characteristics, which is highly dependent on sample size to perform well. 15 Weighting variables were therefore limited to only those found to be prognostic for PFS so as not to compromise the functionality of this estimator. In doing so, prognostic variables identified by statistical modeling of RECORD-1 data were assumed to also be prognostic in the AXIS trial population. Although sex, MSKCC risk, and time receiving prior sunitinib were identified through this process, sample size limitations may have limited the ability to detect an association between other variables and PFS. In addition, the multivariate modeling revealed an association between PFS and time receiving prior sunitinib therapy; however, this result is not consistent with real-world findings where no association was found. 16, 17 This could be explained by the very different contexts in which the studies were performed (ie, it is possible that the results observed in this study may only hold true in the controlled environment of a randomized clinical trial).
This approach also required the assumption that residual differences in nonprognostic variables were negligible. This may not always be the case. For example, a higher proportion of Asians in the overall AXIS trial population versus RECORD-1 may have led to bias in the PFS result in favor of axitinib over everolimus because subanalyses in the AXIS trial suggest a stronger PFS treatment effect in nonwhites (HR = 0.524; 95% CI, 0.338-0.812) compared with whites (HR = 0.733; 95% 
CONCLUSIONS
Similar median PFS point estimates (4.7 vs 4.8 months) with overlapping CIs suggest that everolimus and axitinib have similar efficacy. Although the study findings should not be considered conclusive without confirmatory direct head-to-head evidence, indirect comparison studies can be used to support clinical and reimbursement decisions, particularly in an ever-changing treatment landscape. 18 In this context, because the study results suggest similar efficacy in the population analyzed, reimbursement decisions may focus on overall cost of therapy and the potential effect of the safety profile. Because new data on these products are generated for the population with second-line sunitinib-refractory disease receiving everolimus, this analysis may be reproduced with a larger study population and more statistical power. Such studies may be used to further support any future reimbursement decisions and to elucidate the most appropriate and cost-effective sequence of therapy in this setting.
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